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[Title of the Invention] FINE CRYSTAL DISPERSED GLASS AND METHOD OF 

PRODUCING SAME 

[Abstract] 

[Object] 

To obtain a fine crystal dispersed glass with the fine crystals selectively 
precipitated by a predetermined pattern only inside of the material. 
[Constitution] 

By the photo reduction of metal ions by the converging irradiation of a pulse 
laser beam 1 so as to produce a denatured region, fine crystals with the denatured region 
as the core are grown selectively inside of a glass material 4 by the thermal treatment. A 
fine crystal precipitated region 5 is formed by a predetermined pattern according to the 
relative movement of a focal point 3 or on/off of the laser beam 1. As the metal ions, Au 
ions, Ag ions, Cu ions, Pt ions, or the like can be presented. In order to promote the 
photo reduction reaction, it is preferable to add one kind or two or more kinds of Ce0 2 : 
0.0001 to 2% by weight, Sb 2 0 3 : 1 % by weight or less, and SnO: 03% by weight or less as 
a sensitizing agent. 
[Claims] 
[Claim 1] 

A fine crystal dispersed glass having a fine crystal precipitated region, with the 
denatured region produced by the reduction reaction of metal ions by the converging 
irradiation of a pulse laser beam provided as the core formed selectively inside of a glass 
material. 
[Claim 2] 

The fine crystal dispersed glass according to claim 1, wherein the metal ions are 
one kind or two or more kinds selected from the group consisting of Au ions, Ag ions, Cu 
ions and Pt ions. 
[Claim 3] 
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The fine crystal dispersed glass according to claim 1 or 2, wherein the metal ions 
are included by the concentration range of 0.0001 to 4% by weight. 
[Claim 4] 

The fine crystal dispersed glass according to any of claims 1 to 3, wherein the fine 
crystals are one kind or two or more kinds selected from the group consisting of a halide, a 
lithium silicate, a barium silicate, a p quartz solid solution and a p spodumene. 
[Claim 5] 

The fine crystal dispersed glass according to any of claims 1 to 4, wherein one 
kind or two or more kinds selected from the group consisting of Ce0 2 : 0.0001 to 2 % by 
weight, Sb 2 0 3 : 1 % by weight or less, and SnO: 0.3% by weight or less are included as a 
sensitizing agent. 
[Claim 6] 

A method for producing a fine crystal dispersed glass characterized by 
comprising; directing a pulse laser beam focused to a glass material such that a focal point 
is disposed inside of the glass material including metal ions, producing a denatured region 
by relatively moving the focal point inside the glass material or by switching on or off the 
laser beam while relatively moving the focal point inside the glass material, and selectively 
forming a fine crystal precipitated region with the denatured region provided as the core 
inside the glass material by the thermal treatment. 
[Claim 7] 

The method for producing a fine crystal dispersed glass according to claim 6, 
wherein a pulse laser beam having a wavelength of 370 nm to 1.5 fim is directed to the 
glass material. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Applicability] 

The present invention relates to a fine crystal dispersed glass, with a portion 
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having fine crystals with a denatured region generated by the laser beam converging 
irradiation provided as the core, formed selectively inside of the material, and a method of 
producing the same. 
[0002] 
[Prior Art] 

A crystallized glass with numberless fine crystals evenly precipitated in a matrix 
by the thermal treatment of a glass having a homogeneous composition has been 
developed so as to be used practically as a high strength glass material, a low expansion 
glass material, or the like. At the time of the crystallization, it is important to first 
produce a core in the glass matrix and then grow the core. As a core forming agent, 
noble metals such as Ag and Au and compounds such as Ti0 2 , and Zr0 2 are known. 
With the core forming agent dissolved in a glass, crystallization proceeds in the cooling 
process from a molten state or by the thermal treatment after the vitrification. 
According to the conventional crystallization method, since the crystallization reaction 
proceeds with the core forming agent dispersed in the entirety of the glass provided as the 
center, the entirety of the glass is crystallized without precipitating the crystals optionally 
at a specific portion. 
[0003] 

With a glass having a photo sensitizing agent (or a photo chemically reducing 
agent) such as Ce 3+ added together with a metal ion such as Au + , Ag + and Cu + provided as 
the material, by directing and exposing a ultraviolet ray, an X ray, or the like to the 
dissolved colorless glass, or heating after the exposure, the irradiated portion is denatured 
so as to provide a metal fine particle dispersed glass. The reducing reaction at the time is 
as follows, details of which are disclosed in detail in for example USP No. 2,515,937. 
Au + + Ce 3+ ? Au° + Sb 4+ 
Ag + + Ce 3+ ? Ag° + Sb 4+ 
Cu + + Ce 3+ ? Cu° + Sb 4+ 
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[0004] 

According to the method, since the produced denatured region is provided as the 
core so that the crystals are grown only therein, fine crystals can be precipitated selectively 
only in the portion with the light irradiation in the glass. Specifically, by providing a 
portion with the light irradiation and a portion without the light irradiation, using a mask, 
or the like, the fine crystals can be precipitated selectively only in the portion with the light 
irradiation. As the fine crystals to be grown with the denatured region provided as the 
core, a halide, a lithium silicate, a barium silicate, or the like can be presented. However, 
since the glass surface is irradiated with an ultraviolet ray, production of the denatured 
region in the glass surface cannot be avoided, and furthermore, most of the ultraviolet ray 
irradiation portion is denatured. That is, the glass is denatured continuously from the 
surface to the inside so that the fine crystals are precipitated with the denatured region 
provided as the core. As a result, the fine crystals cannot be precipitated selectively only 
inside of the glass. The present invention has been proposed in order to solve the 
problems, and an object thereof is to provide a fine crystal dispersed glass with a portion 
having fine crystals with the denatured region provided as the core selectively formed 
inside of the material by the converging irradiation of a pulse laser beam to a metal ion 
containing glass. 
[0005] 

[Means for Solving the Problems] 

In order to achieve the object of this invention, the fine crystal dispersed glass of 
the present invention is characterized in having a fine crystal precipitated region, with the 
denatured region produced by the reduction reaction of metal ions by the converging 
irradiation of a pulse laser beam provided as the core formed selectively inside of a glass 
material. As the metal ion, there are Au ions, Ag ions, Cu ions and Pt ions, or the like, 
and they are included in the glass alone or in a combination by the concentration range of 
0.0001 to 4% by weight. As the fine crystals to be grown with the denatured region 
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provided as the core, there are a halide, a lithium silicate, a barium silicate, a p quartz 
solid solution and a p spodumene, or the like. Moreover, in order to promote the photo 
reduction reaction, it is preferable to add one kind or two or more kinds of Ce0 2 : 0.0001 to 
2% by weight, Sb 2 0 3 : 1 % by weight or less, and SnO: 0.3 % by weight or less as the 
sensitizing agent. 
[0006] 

This fine crystal dispersed glass is produced by directing a pulse laser beam 
focused to the glass material such that the focal point is disposed inside of a glass material 
including metal ions, producing a denatured region selectively inside the glass material by 
relatively moving the focal point inside the glass material or by switching on or off the 
laser beam while relatively moving the focal point inside the glass material, and growing 
the fine crystals with the denatured region provided as the core by the thermal treatment. 
As the pulse laser beam, those having a wavelength of 370 nm to 1.5 (im are preferable. 
[0007] 
[Operation] 

At the time of converging the pulse laser beam for directing the same to the metal 
ion containing glass, the metal ions included in the glass are denatured by the photo 
reduction reaction only in the light converging irradiation portion so that a denatured 
portion is produced only in the selected region. The denatured region is caused by the 
metal colloid produced by the metal ion reduction, hollowing of the region including the 
metal ions, the high density of the region including the metal ions, or the like. Although 
the laser beam passes through the glass material, the light amount necessary for the photo 
reduction reaction cannot be obtained in a light irradiation portion other than the focal 
point. Therefore, only the inside of the glass material can be denatured selectively. 
Then, by the thermal treatment after the light irradiation, fine crystal can be grown with 
the produced denatured region as the core. Since the denatured region cannot be 
produced at the laser beam non-irradiation portion, fine crystals cannot be grown by the 
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thermal treatment. As the fine crystals to be grown, there are a halide, a lithium silicate, 
a barium silicate, a p quartz solid solution and a p spodumene, or the like, and the kind 
thereof is not particularly limited as long as it is grown with the denatured region as the 
core and it is not to be precipitated other than the converging light irradiated portion, 
[0008] 

As the mother glass to have the laser irradiation, in general, a silicate glass is 
used. The composition of the mother glass is not particularly limited as long as fine 
crystals can be selectively grown with the denatured region produced only in the 
converging light irradiated portion by the thermal treatment provided as the core after the 
laser beam converging irradiation without precipitating the denatured region in the 
matrix before the laser beam converging irradiation. Moreover, in order to 
homogeneously dispersing the various kinds of the metal ions in the glass, it is preferable 
to optionally add Na 2 0, Li 2 0, B 2 0 3 , CaO, BaO, A1 2 0 3 , or the like. As the metal ions for 
generating the denatured region by the laser beam irradiation, there are the Au ions, the 
Ag ions, the Cu ions, the Pt ions, or the like. In order to include the Au ions in the glass, 
an aqueous solution of a gold chloride acid or a hydrochloric acid solution of a gold 
chloride is added to the glass material. In the case of the Ag ions, a silver oxide, a silver 
nitrate, a silver chloride, or the like, in the case of the Cu ions, a copper oxide, a copper 
nitrate, a copper chloride, or the like, and in the case of the Pt ions, an aqueous solution of 
a platinum chloride acid or a hydrochloric acid solution of a platinum chloride are used. 
[0009] 

Since Au and Pt are elements to be reduced extremely easily so that they are 
precipitated as a metal during the glass melting operation so as to be aggregated as a metal 
lump in the bottom part of the crucible. In order to avoid the aggregation, it is necessary 
to melt the glass under the acidic conditions so that a nitrate material such as a sodium 
nitrate and a potassium nitrate is used as an oxidant. Also in the case of producing a 
glass containing the Ag ions by a large amount, it is preferable to use the same nitrate 
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materials as the oxidizing agent for preventing the precipitation of Ag while melting the 
glass. The use of the nitrate materials is effective particularly in the case where Ag 
addition amount is large. On the other hand, Cu can be oxidized extremely easily while 
melting the glass. In the case where it is not molten in an appropriate reduction state, it 
becomes Cu 2+ so as to provide a glass with a bluish tinge. In this regard, since it is 
preferable to be Cu + in the glass matrix in terms of obtaining a Cu ion containing glass, 
the glass is molten under the condition with an appropriate reducing agent such as SnO, a 
saccharose, and a carbon added. However, since the Cu ions are reduced so as to 
precipitate a metal Cu with an excessive reducing agent addition, it is necessary to 
appropriately maintain the addition amount of the reducing agent. 
[0010] 

The concentration of the metal contained in the glass such as Au, Ag, Cu, and Pt 
is adjusted in the range of 0.0001 to 4% by weight, particularly preferably in the range of 
0.002 to 0.5% by weight. If the metal concentration is less than 0.0001 % by weight, the 
denatured region may not be produced by the laser irradiation or the thermal treatment 
after the irradiation. On the other hand, with a metal concentration more than 4 % by 
weight, at the time of the vitrification while melting the glass or cooling down the same 
from the molten state, the denatured region of the metal colloid, the metal particles, or the 
like may be produced, or the portion other than the laser beam converging irradiation 
portion may be denatured in the thermal treatment process. As a result, it becomes 
difficult to precipitate the fine crystals only in the selected inside part of the glass material. 
The photosensitivity of the glass with respect to the laser beam can be improved by adding 
one kind or two or more kinds of Ce0 2 , Sb 2 0 3 , and SnO. It is preferable to set the 
addition amount of the Ce0 2 in the range of 0.0001 to 2% by weight, the addition amount 
of the Sb 2 0 3 in the range of 1 % by weight or less, and the addition amount of the SnO in 



the range of 0.3 % by weight or less. 
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In the case where the Ce0 2 addition amount is less than 0.0001 % by weight, since 
the concentration is too low, the Ce0 2 may not function as the sensitizing agent. On the 
other hand, if the Ce0 2 is added excessively by more than 2% by weight, since the photo 
sensitivity is too high, the irradiated portion other than the focal point or the laser beam 
non irradiated portion can also be denatured so that the fine crystals may be precipitated 
at an unexpected portion with the denatured region provided as the core. Sb 2 0 3 and SnO 
also provide an appropriate photo sensitivity by the addition of to 1 % by weight and to 
0.3 % by weight, respectively, however, by the excessive addition of more than 1 % by 
weight and 0.3% by weight, the fine crystals may be precipitated to the irradiated portion 
other than the focal point and the laser beam non irradiated portion. Since Sb 2 0 3 has a 
cleansing effect compared with SnO, and thus it is a sensitizing agent more preferable than 
SnO. As the material for SnO, Sn0 2 can be used as well in addition to SnO. 
[0012] 

In order to produce a fine crystal dispersed glass with the fine crystals selectively 
precipitated inside of the glass material, with a pulse laser beam focused inside of the 
material, a denatured region is produced by relatively moving the focal point inside of the 
material, and the fine crystals with the denatured region provided as the core are grown in 
the subsequent thermal treatment. The thermal treatment is carried out in a 
temperature range capable of growing the fine crystals. In the case of a thermal 
treatment at an excessively high temperature, the denatured region or the fine crystals 
may be produced and precipitated in the portion other than the converging irradiation 
portion. As the light source, a pulse laser is used, and it is preferable to output a laser 
beam having a wavelength of 370 nm to 1.5 nm wavelength. With a pulse laser beam 
having an irradiation wavelength of less than 370 nm, the denatured region is produced by 
the metal ion reduction reaction in a portion other than the part with the light irradiation 
so that the fine crystals may be grown with the same provided as the core. On the other 
hand, with an irradiation wavelength of more than 1.5 |im, the metal ion reduction 
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reaction cannot be generated at the focal portion by the converging irradiation so that a 
denatured region effective for the fine crystal growth can hardly be produced. 
[0013] 

A laser beam outputted from the light source is converged by a converging device 
such as a lens. At the time, the focal point is adjusted so as to be disposed inside of the 
glass material. By moving the focal point continuously inside of the glass material, a 
continuous denatured region is formed inside the glass so that a continuous fine crystal 
precipitated portion with the denatured region provided as the core is formed by the 
thermal treatment. Moreover, by adopting a step scan for irradiating spot by spot, since 
the denatured region is produced as dots, the fine crystal precipitated regions 
corresponding to the denatured region are formed as dots inside of the glass material by 
the thermal treatment. Furthermore, by relatively moving the focal point 
three-dimensionally with respect to the glass, a three-dimensional fine crystal precipitated 
region is formed inside of the glass material. For the relative movement of the focal point 
with respect to the glass material, a method of moving the glass material with the laser 
beam focal point fixed, a method of moving the focal point with the glass material fixed, a 
combination thereof, or the like can be adopted. The peak power of the pulse laser beam 
is represented by the watt (W) as the value obtained by dividing the output energy per 1 
pulse (J) by the pulse width (second). The peak power density is the peak power per the 
unit area (cm 2 ), which is represented by W/cm 2 . 
[0014] 

The peak power density of the pulse laser beam at the focal point is preferably in 
the range of 10 8 to 10 15 W/cm 2 . With the peak power density of less than 10 8 W/cm 2 , the 
reduction reaction of the metal ions is not generated at the focal portion so that the 
denatured region effective for the fine crystal precipitation cannot be produced. On the 
other hand, with the peak power density of more than 10 15 W/cm 2 , the metal ions have the 
reduction reaction also at a portion other than the focal point so as to produce the 
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undesired denatured region, and furthermore, generate the fine crystal precipitation. 
Moreover, it is difficult to obtain a laser beam of an excessively large energy amount in 
terms of the practical use. With the same laser beam peak power density, the metal ion 
reduction reaction can be generated easier with a laser beam having a narrower pulse 
width. In this regard, a laser beam having a pulse width of 10" 10 second or less is 
preferable. With a laser beam having too wide a pulse width, irradiation with a laser 
beam having an extremely large energy is needed in order to generate the metal ion 
reduction reaction so that the glass material may be destroyed. The irradiation amount 
is set at an amount necessary for the metal ion reduction reaction. Moreover, the pulse 
laser repeating cycle (the interval between the pulses) is not particularly limited, and it is 
determined depending on the peak energy density, the number of shots, or the like. 
[0015] 
[Examples] 

Examples 1 to 5: (mother glass including Au ions) 

With Si0 2 , Li 2 C0 3 , K 2 C0 3 , A1 2 0 3 , ZnO, Ce0 2 , Sb 2 0 3 , and an aqueous solution of 
a gold chloride acid were used as the materials. After introducing 400 g of powders into 
a platinum 300 cc crucible, it was heated and dissolved while agitating for 2 hours at 
1,500°C in the atmosphere. The homogeneously dissolved glass was poured into a yellow 
copper casting mold so as to be shaped into a 5 mm thickness plate and then cooled down. 
After annealing the obtained glass plate at 400 to 450°C so as to eliminate the distortion, it 
was cut and polished for producing a 1 to 3 mm thickness specimen. A converging pulse 
laser beam was directed to the obtained specimen. That is, as shown in FIG 1(a), a pulse 
laser beam 1 was converged by a lens 2 so as to have a focal point 3 disposed inside of a 
specimen 4. As the pulse laser beam 1, a beam having 1.5 x 10* 13 second pulse width, 200 
kHz repeating cycle and 800 nm wavelength, oscillated from an Ar laser excited 
Ti-sapphire laser was used. With the 10 10 to 10 15 W/cm 2 peak energy density, it was 
directed to the focal point 3 for 5 seconds for scanning the glass specimen 4. 
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[0016] 

With the glass specimen 4 after the irradiation placed in an electric furnace, the 
temperature was raised from the room temperature at 5°C/minute temperature raising 
speed. After maintaining at 540°C for 30 minutes, the temperature was further raised at 
5°C/minute temperature raising speed, maintained at 580°C for 30 minutes, and then it 
was left for cooling in the furnace. The specimen 4 after the thermal treatment was 
observed with an optical microscope. As shown in FIGL 1(b), a fine crystal precipitated 
region 5 of lithium silicate was formed in the converging irradiation portion. The fine 
crystal precipitated region 5 was a continuous region corresponding to the track of the 
focal point 3. From this, it was confirmed that the fine crystals were precipitated 
selectively only in the converging irradiation portion inside of the glass material by the 
laser beam converging irradiation. Compared with the fine crystal precipitated region of 
comparative example 1 to be described later, the formed fine crystal precipitated region 5 
had the fine crystals selectively only inside of the glass material. 
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10" 13 second pulse width, 1 kHz repeating cycle and 630 nm wavelength, oscillated from an 
Ar laser excited Ti-sapphire laser was used. With the 10 13 W/cm 2 peak energy density, it 
was directed to the focal point 3 for 5 seconds, and then the glass specimen 4 was scanned 
with the laser beam 1 input to the glass specimen 4 stopped. Again with the same 
conditions, the converging irradiation was repeated. 
[0019] 

With the glass specimen 4 after the irradiation placed in an electric furnace, the 
temperature was raised from the room temperature at 5°C/minute temperature raising 
speed. After maintaining at 540°C for 30 minutes, the temperature was further raised at 
5°C/minute temperature raising speed, maintained at 580°C for 30 minutes, and then it 
was left for cooling in the furnace. Each specimen after the thermal treatment was 
observed with an optical microscope. As shown in FIG 2(b), a fine crystal precipitated 
region 5 of lithium silicate was formed in the converging irradiation portion. The fine 
crystal precipitated region 5 was a dot like region corresponding to the repeated 
irradiation to the focal point 3. Compared with the fine crystal precipitated region of 
comparative example 2 to be described later, the formed fine crystal precipitated region 5 
had the fine crystals of lithium silicate precipitated selectively only inside of the glass 
material. 
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Table 1; Example of the laser beam converging irradiation of an Au containing mother 



Example No. 


1 


2 


3 


4 


5 


Glass 

composition 


Si0 2 


82 


81 


80 


80 


80 


Al 2 0 3 


4 


2 


4 


4 


4 


ZnO 






1 


1 


1 


K 2 0 


4 


3 


3 


3 


3 


Li 2 0 


10 


14 


12 


12 


12 


Au 


0.005 


0.02 


0.01 


0.01 


0.01 


CeO z 


0.03 


0.04 


0.03 


0.03 


0.03 


Sb 2 0 3 


0.2 




0.2 






Peak power density 
(W/cm 2 ) 


1x1 0 ,s 


3x1 0' 3 


4x1 0 12 


7x10" 


1x10 10 


In each example, a pulse laser beam having 800 nm irradiation wavelength, 1.5 x 10" 13 second pulse 
width, and 200 kHz repeating cycle was used for the converging irradiation of the glass specimen for 
5 second irradiation time. 
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Examples 6 to 10: (mother glass including Ag ions and Au ions) 

With Si0 2 , Li 2 C0 3 , Na 2 C0 3 , K 2 C0 3 , A1 2 0 3 , AgCl, Ce0 2 , Sb 2 0 3 , and an aqueous 
solution of a gold chloride acid were used as the materials. After introducing 400 g of 
powders into a platinum 300 cc crucible, it was heated and dissolved while agitating for 2 
hours at 1,400 to 1,500°C in the atmosphere. The homogeneously dissolved glass was 
poured into a yellow copper casting mold so as to be shaped into a 3 mm thickness plate 
and then cooled down. After annealing the obtained glass plate at 400 to 450°C so as to 
eliminate the distortion, it was cut and polished for producing a 1 mm thickness specimen. 
A converging pulse laser beam was directed to an obtained specimen 4. In this example, 
as shown in FIG 2(a), a pulse laser beam 1 was converged by a lens 2 so as to have a focal 
point 3 disposed inside of the specimen 4. As the pulse laser beam 1, a beam having 2 x 
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Table 2: Example of the laser beam converging irradiation of an Au, Ag containing mother 
glass 



Example No. 


6 


7 


8 


9 


10 




Si0 2 


80 


75 


80 


78 


78 


Glass 


AI 2 O a 


3 


12 


5 


4 


10 


composition 


ZnO 








1 






K 2 0 


5 




2 


5 


4 




Li 2 0 


12 


13 


13 


12 


8 




Au 








0.002 






Ag 


0.005 


0.003 


0.2 


0.15 


0.01 




Ce0 2 


0.02 


0.01 


0.05 


010 


0.05 




Sb 2 Q 3 


0.2 


0.1 


0.2 


0.10 




In each example, a pulse laser beam having 630 nm irradiation wavelength, 1 x 10" W/cm 2 peak 
power density, 2x1 0" 13 second pulse width, and 1 kHz repeating cycle was used for the converging 
irradiation of the glass specimen for 5 second irradiation time. 
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Examples 11 to 15: (mother glass including Cu ions) 

With Si0 2 , Li 2 C0 3 , K 2 C0 3 , A1 2 0 3 , ZnO, Cu 2 0, Ce0 2 , and Sn0 2 were used as the 
materials. After introducing 400 g of powders into a platinum 300 cc crucible, it was 
heated and dissolved while agitating for 2 hours at 1,550°C in the atmosphere. The 
homogeneously dissolved glass was poured into a yellow copper casting mold so as to be 
shaped into 2 mm thickness plate and then cooled down. After annealing the obtained 
glass plate at 450°C so as to eliminate the distortion, it was cut and polished for producing 
a 1 mm thickness specimen. In the same manner as in example 1, a converging pulse 
laser beam was directed to the obtained specimen. As a pulse laser beam 1, a beam 
having 1 x 10' 13 to 6 x 10' 12 second pulse width, 82 kHz repeating cycle and 750 nm 
wavelength, oscillated from an Ar laser excited Ti-sapphire laser was used. With the 10 12 
W/cm 2 peak energy density, it was directed to a focal point 3 for 5 seconds for scanning a 
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glass specimen 4. For each specimen after the irradiation, the temperature was raised 
from the room temperature at 5°C/minute temperature raising speed in the electric 
furnace. After maintaining at 540°C for 30 minutes, the temperature was further raised 
at 5°C/minute temperature raising speed, maintained at 580°C for 30 minutes, and then it 
was left for cooling in the furnace, 
[0022] 

Each specimen after the thermal treatment was observed with an optical 
microscope. As shown in FIG, 1(b), a fine crystal precipitated region 5 of lithium silicate 
was formed in the converging irradiation portion. The fine crystal precipitated region 5 
was a continuous region corresponding to the repeated irradiation to the focal point 3. 
Moreover, compared with the fine crystal precipitated region of comparative example 2 to 
be described later, the fine crystal precipitated region 5 had the fine crystals of lithium 
silicate precipitated selectively only inside of the glass material. 
[0023] 



Example No. 


11 


12 


13 


14 


15 




SiOj 


78 


78 


74 


74 


64 


Glass 


Al 2 0 3 


5 


5 


9 


9 


20 


composition 


ZnO 


1 


1 










K 2 0 


4 


4 


4 


4 






Li 2 0 


12 


12 


13 


13 


16 




Cu 


0.01 


0.01 


0.25 


0.25 


0.70 




Ce0 2 


0.10 


0.10 


0.15 


0.15 


0.35 




Sn0 2 


0.01 


0.01 


0.15 


0.15 


0.20 


pulse width (sec) 


2X10-' 2 


6x 10"' 2 


1 x 10" 13 


4X10" 12 


2x 10'' 3 


In each example, a pulse laser beam having 750 nm irradiation wavelength, 1 x 1Q. 13 W/cm 2 peak 
power density, and 82 MHz repeating cycle was used for the converging irradiation of the glass 
specimen for 5 second irradiation time. 
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Examples 16 to 20: (mother glass including Ag ions) 

With Si0 2 , Na 2 C0 3 , A1 2 0 3 , ZnO, NaF, AgCl, Ce0 2 , Sb 2 0 3 , and Sn0 2 were used as 
the materials. After introducing 400 g of powders into a platinum 300 cc crucible, it was 
heated and dissolved while agitating for 2 hours at 1,450 to 1,500°C in the atmosphere. 
The homogeneously dissolved glass was poured into a yellow copper casting mold so as to 
be shaped into a 5 mm thickness plate and then cooled down. After annealing the 
obtained glass plate at 400 to 450°C so as to eliminate the distortion, it was cut and 
polished for producing a 1 to 3 mm thickness specimen. In the same manner as in 
example 2, a pulse beam having 2 x 10" 13 second pulse width, a 1 kHz repeating cycle and 
400 nm to 1.3 (im wavelength, oscillated from an Ar laser excited Ti-sapphire laser was 
used for the converging irradiation of an obtained specimen 4. With the 10 13 W/cm 2 peak 
energy density, it was directed to a focal point 3 for 5 seconds, and then the glass specimen 
4 was scanned with a laser beam 1 input to the glass specimen 4 stopped. Again with the 
same conditions, the converging irradiation was repeated. 
[0025] 

With the glass specimen 4 after the irradiation placed in an electric furnace, the 
temperature was raised from the room temperature at 5°C/minute temperature raising 
speed. After maintaining at 540°C for 30 minutes, and cooling down to 100°C so as to be 
maintained for 1 hour, the temperature was further raised at 5°C/minute temperature 
raising speed, maintained at 580°C for 30 minutes, and then it was left for cooling in the 
furnace. Each specimen after the thermal treatment was observed with an optical 
microscope. As shown in FIG 2(b), a fine crystal precipitated region 5 of sodium fluoride 
was formed in the converging irradiation portion. The fine crystal precipitated region 5 
was a dot-like region corresponding to the repeated irradiation to the focal point 3. 
Moreover, compared with the fine crystal precipitated region of comparative example 2 to 
be described later, the fine crystal precipitated region 5 had the fine crystals of sodium 
fluoride precipitated three dimensionally selectively only inside of the glass material by the 
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laser beam converging irradiation. 
[0026] 

Table 4: Example of the laser beam converging irradiation of an Ag containing mother 



Example No. 


16 


17 


18 


19 


20 


Glass 

composition 


Si0 2 


71 


71 


71 


68 


68 


Na 2 0 


16 


16 


16 


17 


17 


Al 2 0 3 


8 


8 


8 


10 


10 


ZnO 


5 


5 


5 


5 


5 


F 


3 


3 


3 


3 


3 


Ag 


0.008 


0.008 


0.008 


0.010 


0.010 


CeO z 


0.015 


0.015 


0.015 


0.010 


0.010 


Sb 2 0 3 


0.20 


0.20 


0.20 






Sn0 2 


0.01 


0.01 


0.01 






Irradiation wavelength 


400 nm 


700 nm 


900 nm 


1.1 /zm 


1.3 p. m 


In each example, a pulse laser beam having 1 x 10 13 W/cm 2 peak power density, 2 X 10" 13 second 
pulse width, and 1 kHz repeating cycle was used for the converging irradiation of the glass specimen 
for 5 second irradiation time. 



[0027] 

Examples 21, 22: (mother glass including Pt ions) 

With Si0 2 , A1 2 0 3 , Li 2 C0 3 , K 2 C0 3 , Ce0 2 , Sb 2 0 3 , and an aqueous solution of a 
platinum chloride acid were used as the materials. After introducing 400 g of powders 
into a platinum 300 cc crucible, it was heated and dissolved while agitating for 2 hours at 
1,500°C in the atmosphere. The homogeneously dissolved glass was poured into a yellow 
copper casting mold so as to be shaped into 5 mm thickness plate and then cooled down. 
After annealing the obtained glass plate at 400 to 450°C so as to eliminate the distortion, it 
was cut and polished for producing a 1 to 3 mm thickness specimen. In the same manner 
as in example 1, a pulse laser beam having 1.5 x 10" 13 second pulse width, 100 to 500 kHz 
repeating cycle and 450 nm wavelength, oscillated from an Ar laser excited Ti-sapphire 
laser was used for the converging irradiation of the obtained specimen 4. With the 10 12 
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W/cm 2 peak energy density, it was directed to a focal point 3 for 1 to 5 minutes for 

scanning the glass specimen 4 with a laser beam 1. 

[0028] 

With the glass specimen 4 after the irradiation placed in an electric furnace, the 
temperature was raised from the room temperature at 5°C/minute temperature raising 
speed. After maintaining at 550°C for 30 minutes, the temperature was further raised at 
5°C/minute temperature raising speed, maintained at 600°C for 30 minutes, and then it 
was left for cooling in the furnace. Each specimen after the thermal treatment was 
observed with an optical microscope. As shown in FIG 1(b), a fine crystal precipitated 
region 5 of lithium silicate was formed in the converging irradiation portion. The fine 
crystal precipitated region 5 was a continuous region corresponding to the track of the 
focal point 3. From this, it was confirmed that the fine crystals were precipitated 
selectively only in the converging irradiation portion inside of the glass material by the 
laser beam converging irradiation. 
[0029] 



Example No. 


21 


22 




Si0 2 


80 


80 


Glass 


Al 2 0 3 


4 


4 


composition 


K 2 0 


4 


4 




Li 2 0 


12 


12 




Pt 


2 


2 




Ce0 2 


1 


1 




Sb 2 0 3 


0.5 


0.5 


Repeating cycle of laser beam (Hz) 


100 


500 


Irradiation time (min) 


5 


1 



[0030] 

Comparative example 1: (mother glass including Au ions) 
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With Si0 2 , A1 2 0 3 , ZnO, Li 2 C0 3 , K 2 C0 3 , Ce0 2 , and an aqueous solution of a gold 
chloride were used as the materials. After introducing 400 g of powders into a platinum 
300 cc crucible, it was heated and dissolved while agitating for 2 hours at 1,450°C in the 
atmosphere so as to prepare a glass having the composition shown in table 3. The 
homogeneously dissolved glass was poured into a yellow copper casting mold so as to be 
shaped into a 3 mm thickness plate and then cooled down. After annealing the obtained 
glass plate at 450°C so as to eliminate the distortion, it was cut and polished for producing 
2 mm thickness specimen. Then, as shown in FIGL 3(a), a light beam of 1,000 W Hg-Xe 
arc lamp 7, transmitted through a mask 6 was directed to a specimen 4 for 10 minutes. 
With the glass specimen 4 after the irradiation placed in an electric furnace, the 
temperature was raised from the room temperature at 5°C/minute temperature raising 
speed. After maintaining at 540°C for 30 minutes, the temperature was further raised at 
5°C/minute temperature raising speed, maintained at 580°C for 30 minutes, and then it 
was left for cooling in the furnace. The specimen 4 after the thermal treatment was 
observed with an optical microscope. As shown in FIGL 3(b), a fine crystal precipitated 
region 8 of lithium silicate was formed, elongating from the glass surface to the glass inside. 
The fine crystal precipitated region 8 was formed along the optical path of the light beam 
incident from the arc lamp 7 so that it was different from the region with the fine crystals 
selectively precipitated inside of the glass material, which was observed in the example 
according to the present invention. 
[0031] 

Comparative example 2: (mother glass including Ag ions) 

With Si0 2 , A1 2 0 3 , ZnO, N 2 C0 3 , NaF, AgCl, Ce0 2 , and Sb 2 0 3 were used as the 
materials. After introducing 400 g of powders into a platinum 300 cc crucible, it was 
heated and dissolved while agitating for 2 hours at 1,450°C in the atmosphere so as to 
prepare a glass having the composition shown in table 3. The homogeneously dissolved 
glass was poured into a yellow copper casting mold so as to be shaped into 3 mm thickness 
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[0032] 

Table 6: Example of the laser beam converging irradiation of a metal ion containing 



Comparative Example No. 


1 


2 




Si0 2 


80 


70 




Na 2 0 


- 


15 


Glass 


Al 2 0 3 


4 


8 


composition 


ZnO 


1 


5 




K z O 


3 






Li 2 0 


12 






F 




3 




Au 


0.01 






Ag 




0.01 




Ce0 2 


0.03 


0.02 




Sb 2 0 3 




0.20 




Sn0 2 




0.01 



[0033] 

[Effect of the Invention] 

As heretofore explained, according to the fine crystal dispersed glass of the 
present invention, a fine crystal precipitated region with the fine crystals precipitated 
selectively only inside of the material with the denatured region of a metal colloid, or the 
like produced by the photo reduction reaction of a metal ion as the core by the laser beam 
irradiation having the focal point adjusted to the inside of a glass material is formed. 
Therefore, unlike the fine crystal precipitated region formed by the conventional thermal 
treatment or the irradiation from the glass surface, a fine crystal precipitated region of a 
complicated three dimensional pattern can be formed, corresponding to the needs so as to 
be used as a design glass, a functional glass, or the like. 
[Brief Description of the Drawings] 
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plate and then cooled down. After annealing the obtained glass plate at 400°C so as to 
eliminate the distortion, it was cut and polished for producing 2 mm thickness specimen. 
Then, as shown in FIG 3(a), a light beam of 1,000 W Hg-Xe arc lamp 7, transmitted 
through a mask 6 was directed to a specimen 4 for 10 minutes. With the glass specimen 4 
after the irradiation placed in an electric furnace, the temperature was raised from the 
room temperature at 5°C/minute temperature raising speed. After maintaining at 540°C 
for 30 minutes and then cooling down to 100°C so as to be maintained for 1 hour, the 
temperature was further raised at 5°C/minute temperature raising speed, maintained at 
580°C for 30 minutes, and then it was left for cooling in the furnace. The specimen 4 
after the thermal treatment was observed with an optical microscope. As shown in FIG 
3(b), a fine crystal precipitated region 8 of sodium fluoride was formed, elongating from 
the glass surface to the glass inside. The fine crystal precipitated region 8 was formed 
continuously along the optical path of the light beam incident from the arc lamp 7 so that 
it was different from the region with the fine crystals selectively precipitated inside of the 
glass material, which was observed in the example according to the present invention. 
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[FIG. 1] (a) A state of irradiating a glass specimen with a laser beam with the focal point 

adjusted inside of the glass material, and (b) a fine crystal dispersed glass with a 

continuous fine crystal precipitated region formed inside of the glass material. 

[FIG 2] (a) A state of irradiating the glass specimen while switching on or off the laser 

beam with the focal point adjusted inside of the glass material, and (b) a fine crystal 

dispersed glass with the dot like fine crystal precipitated region formed inside of the glass 

material. 

[FIG 3] (a) A state of irradiating the glass material with a light beam transmitting through 
a mask, and (b) a fine crystal dispersed glass with the fine crystal precipitated region 
elongating from the surface to the inside formed. 
[Description of the Reference Numerals] 

1: laser beam, 2: lens, 3: focal point, 4: glass specimen, 5: fine crystal precipitated region, 
6: mask, 7: ark lamp, 8; fine crystal precipitated region elongating from the surface to the 
inside 
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[0 0 0 3] Au + , Ag+ , Cu + ^<D& 

0, fc£*tf#BH#if*2 5 1 5 9 3 7^9MH»-m«ffl 

70 Au + +Ce 3 ^Au° + Sb 4+ 
Ag + + Ce 3 + -»Ag° +Sb 4 + 
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***£j*Llc<<&*. 
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fc**fcx*;Mf*©i/-if«fcL *ffl»ict>»*ct 
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81 
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80 


Ah Ob 


4 


2 


4 


4 


4 


ZnO 


- 


- 


1 


1 


1 


K 8 0 


4 


3 


3 


3 


3 


Li,0 


10 


14 


12 


12 


12 


Au 


0.005 


0.02 


0.01 


0.01 


0.01 


CeOt 


0.03 


0.04 


D.03 


0.03 


0.03 


Sb t 0. 


0.2 




0.2 






(W/cro*) 


ixio lc 


3X10 1 * 


4X10 1B 


7X10 11 


1X10'° 
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[0018] ^J6-10 : (Ag>ft>RlfAu>f 
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50 



sjcsiajafts^c/^T^fflb, 5 8 or 
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8 
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80 
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78 
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5 


4 
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- 
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1 


- 
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5 


- 


X 


5 


4 




Li, O 


12 


13 


13 


12 


8 


m 
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Ag 
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0.2 
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